Abstract This study tests the efficacy of using medium class land cover maps vs. the large class maps produced by the Korean Ministry of Environment for prediction of flow and CBOD, TN and TP concentrations. AVSWAT2000 was chosen as a model to process information for a sample site, Yongdam Lake watershed area, Korea. The watershed was divided into 11 sub-watersheds, as was done for implementation of the Total Waste Load Management Act by the Korean government. Calibration of AVSWAT2000 was performed using a trial-and-error method, by comparing the root mean square errors of the observed data and calculated results. This study suggests that AVSWAT2000 can be successfully applied in estimating pollutant load considering hydrologic and site-specific conditions of watersheds. With further study, this approach may be applied to improve watershed-scale water quality management strategies, especially for TMDL developments.
Introduction
The Korean Total Waste Load Management Act became effective in 2003. This act emphasises that the water quality problems in major surface water bodies in Korea have to be viewed from the entire watershed scale. Therefore, accurate estimation of the generation and delivery potential of waste load is essential to allocate the total allowable waste load from a watershed, especially when nonpoint source is the dominant factor. Water quality models have been widely applied for rivers and lakes in Korea in recent decades (Lee and Seo, 2002; Seo et al., 2004; Seo and Lee, 2005) . While hydrological models also have been widely used, most of cases have been used for flow estimation only (Kim et al., 2002 (Kim et al., , 2003 (Kim et al., , 2004a (Kim et al., , 2004b . Consequently, there have been relatively few attempts to quantify waste load from watershed considering hydrological characteristics in Korea.
The Unit Load Method is one of the simplest methods to estimate waste load from a watershed. In this method, gross production of the pollutant load from a watershed is calculated by the multiplication of an annual unit load and amount of corresponding pollutant source such as population, livestock, land use patterns, etc. The generated load is then multiplied by delivery ratio to account for any loss during transport to the watershed. There is large uncertainty associated with this method, as constant pollutant generation potential and delivery ratios determined from sparsely filed data cannot reflect the characteristics of each watershed properly in space and time. In addition, this method cannot be used for flow estimation. Nonetheless, due to limits in available information, the Unit Load Method is used as an official method to estimate the waste load from all watersheds in Korea. However, hydrologic modelling approaches have been widely used in the quantifi-cation of waste loads from watershed. The authors believe that the hydrologic modelling approach should be used to accurately estimate flow and pollutant delivery from a watershed. The Korean Ministry of Environment completed the medium class land cover map in 2005, which has 23 different land cover classes, while the previously released large class land cover map has only seven classes at a 1:25,000 scale. The latter is based on Landsat Thematic Mapper satellite data, while the former is based on SPOT and IKONOS data with aerial photographs. We used the AVSWAT2000 (Di Luzio et al., 2002) model as a hydrological modelling tool to determine if more detailed land cover information provided better accuracy for flow and water quality estimation for a given watershed.
Methods

SWAT
The original version of SWAT (Soil and Water Assessment Tool) was developed by the US Department of Agriculture, Agricultural Research Service in 1994 (Neitsch et al., 2002a (Neitsch et al., , 2002b . SWAT was designed to predict the impact of land management practices on water, sediment and agricultural chemical yields in large complex watersheds with varying soils, land use and management conditions over long periods of time. Kim et al. (2004a Kim et al. ( , 2004b reported that the SWAT model might be successfully used to estimate flows from a watershed using databases available in Korea. SWAT has been modified several times, and an ArcView Interface for SWAT (AVSWAT2000) was developed by Di Luzio et al. (2002) . This model was included as a watershed model in BASINS 3.1 (USEPA, 2006) and has been applied widely in the US and Europe. Detailed theory and user manuals for SWAT and AVSWAT2000 can be found in Di Luzio et al. 
Input data
A digital elevation map (DEM) and land use information were extracted from the medium and large class land cover maps. Soil data were obtained from the Korea Agricultural and Rural Infrastructure Corporation. Soil layers are divided according to soil information of the respective area and land cover information in the original data set were converted to a format that can be used in the AVSWAT2000 model. Weather and water quality data for the watershed have been collected since 1990 at the Geumsan, Imsil, Jangsu, Geochang, Jeonju Stations (Figure 1 ) in the vicinity of Yongdam lake.
Land cover maps in GeoTIFF format (KME, 2000) were converted to files with shp extension to be used in the AVSWAT2000. It was not possible to apply all the medium class land cover data to AVSWAT2000 directly since some classes do not match exactly, due to the different definitions of terms in the original SWAT model and in Korean land cover information. Therefore, only 15 out of 23 classes were used for medium class land cover information (Table 1 ). Figure 3 shows completed land cover information. Details of the input data and its preparation can be found in .
Results and discussion
The AVSWAT2000 model was calibrated for flow rate and three water quality variables (CBOD5, TN and TP) at the inlet of Yongdam lake. The study watershed was divided into 11 sub-basins for the model. Constants for the runoff module were selected based on a previous study performed by the Korea Institute of Construction Technology (Kim et al., 2003) for the same site. The baseflow filter programme was used to adjust ground water information. Calibration of flow was performed for the period between January 1990 and December 2003. Since water quality data were available only for 2003 as described below, error analysis for flow was carried out for 2003 as well.
Sediment transport is calculated using the MUSLE (Williams, 1975) equation. CBOD concentration in surface runoff is modelled as a function of organic content in the sediment and an enrichment ratio. Soluble nutrients can be transported in surface runoff while organic nutrients are transported along with sediment. A separate enrichment ratio was used for organic N and organic P. Detailed equations can be found in Neitsch et al. (2002b) . Field water quality data were collected from the Korean Ministry of Environment (water.nier.go.kr/weis). Graphs in Figure 4 show simulation results for flow rate (Figure 4a ), CBOD5 (Figure 4b ), TN ( Figure 4c ) and TP (Figure 4d ) at the inlet of Yongdam lake. USLE_K values were the most sensitive parameters in the calibration of CBOD. No further adjustment for nutrients was made after CBOD calibration since there had not been significant improvements in nutrient calibrations. In most cases, the model tends to overestimate observed water quality concentrations. Field observations of water quality measures were available once a month between January and August and once a week between September and December in 2003. In contrast, AVSWAT2000 calculates monthly average concentrations using continuously calculated values. It is possible that intermittently collected grab samples might not properly reflect nonpoint source effects driven primarily by precipitation and runoff from the watershed.
Errors from the two different approaches were compared using RMSE (root mean square error) statistics as shown in equation (1).
where n is the number of observed data points.
As shown in Figure 4 , RMSE values were smaller when medium class information was used in all cases. Flow rate calibration results showed relatively smaller differences in errors compared with water quality concentrations. This might be due to the fact that 79.1% of the watershed area was forest and a large uniform pattern in a watershed would make more detailed land classification less significant. This result also indicates that more detailed classification would greatly enhance the accuracy of the estimation of water quality from the watershed.
Conclusions
The watershed of Yondam dam was chosen as a sample site and field data collected in 2003 for flow, CBOD5, TN and TP were used for calibration. With the watershed model, it was possible to calculate continuous flow rate and concentrations at points of interest and thus significantly improve accuracy in the estimation of waste load from the watershed area. It was shown that medium class land cover data could be used to reduce estimation errors of existing large class land cover data. It should be emphasised that due to the use of a hydrological model it was not necessary to use the unit load method to estimate potential waste load generation and delivery ratio to convert the potential to the Figure 4 Simulation results of the FLOW, CBOD5, TP and TN for study site and root mean square error values for medium and large land cover class data actual delivered load from the watershed. Also, it was possible to estimate continuous flow rate and water quality concentrations at any points in the watershed area. This fact should be considered as a major future improvement in the development of TMDL in Korea. With extended study, this approach may be applied to improve watershed-scale water quality management strategies in Korea.
